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Phytoloxicology  2001  and  2002  Investigations:  Algoma  Ore  Division.  Twp  of  Mictiipicoten  (Wav^a) 

Introduction 

For  several  decades,  Algoma  Steel  Corporation  operated  an  iron  ore  sintering  plant  near 
the  Wawa  townsite  in  the  Township  of  Michipicoten.  Algoma  Ore  Division  (AOD)  mined  a  low 
grade  iron  ore,  siderite,  at  nearby  deposits  and  processed  this  ore  at  the  sinter  plant  to  reduce  the 
sulphur  content  and  make  it  more  suitable  for  blast  furnace  feed.  Much  of  the  processed  ore  was 
shipped  to  the  Algoma  steel  making  operation  in  Sault  Ste.  Marie.  The  primary  air  emission 
from  the  sinter  plant  was  sulphur  dioxide,  which  caused  considerable  environmental  damage  in 
an  area  to  the  north-east,  known  locally  as  the  "fume-kill  zone". 

AOD  ceased  operations  in  1998.  The  sinter  plant  has  been  razed  and  the  mines  closed. 
However,  during  its  operation  the  sinter  plant  also  released  arsenic,  which  was  present  in  the  iron 
ore,  and  a  concern  about  the  etTects  of  the  soil-deposited  arsenic  on  the  health  of  Wawa  residents 
was  raised.  In  response,  in  2000  the  Wawa  Environmental  Steering  Committee  and  the  Medical 
Officer  of  Health  for  the  Algoma  Health  Unit  commissioned  a  human  health  risk  assessment  and 
an  arsenic  e.xposure  survey  of  the  Wawa  townsite  residents.  The  later  included  urine  sampling 
for  arsenic  determination. 

In  2001,  in  support  of  the  arsenic  exposure  survey,  the  MOE  Sault  Ste.  Marie  District 
office  requested  the  assistance  of  the  Phytotoxicology  Investigations  Unit  to  sample  soil  on  the 
residential  properties  where  occupants  under  the  age  of  13  had  participated  in  the  exposure 
study.  In  2002,  additional  properties  were  identified  for  sampling,  either  because  they  were 
inadvertently  excluded  the  previous  year  or  because  other  families  had  joined  the  exposure 
study.  The  properties  to  be  sampled  were  all  identified  to  the  Phytotodxicology  investigator  as 
those  where  urine  samples  from  young  residents  had  been  collected.  The  residential  soil  arsenic 
concentrations  were  provided  to  the  consultant  performing  the  e.xposure  study  prior  to  the 
preparation  of  this  report. 

Additionally,  the  Phytotoxicology  Investigations  Unit  was  asked  to  evaluate  whether  the 
soil  concentrations  of  arsenic  encountered  on  residential  properties  in  Wawa  were  capable  of 
inhibiting  vegetation  growth,  as  arsenic  is  known  to  be  potentialK  ph\totoxic.  In  the  past,  some 
forms  of  arsenic  were  used  as  herbicide. 

Since  there  were  two  separate  tasks  in  this  investigation,  the}  will  be  discussed 
separately  in  this  report. 


Investigation  Methodology  -  Residential  Propert>'  Sampling 

Soil  samples  were  collected  by  i'hytotoxicology  scientists  at  28  residential  properties  on 
October  3  and  4,  2001,  and  at  1 1  additional  properties  on  July  29,  2002.  At  most  properties  two 
sample  sites  were  established,  the  sodded  portions  of  the  front  and  rear  yards.  Occasionally,  a 
side  yard  was  designated  as  a  third  sample  site.  Sampling  was  conducted  using  a  stainless  steel, 
tube-type  soil  sampler  that  extracts  a  cylindrical  core  of  soil  when  it  is  plunged  into  the  ground. 
Twelve  soil  cores  were  collected  at  each  sample  site,  each  to  a  depth  of  five  centimetres  in  a  grid 
pattern  that  covered  the  entire  sainple  site,  and  placed  into  a  labelled  polyeth>iene  bag.  The 
sampling  was  repeated  to  >  ield  duplicate  samples  from  each  sample  site,    fhe  locations  of  the 
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properties  sampled  to  support  the  arsenic  exposure  sur\ev  (i.e.  urine  analysis)  is  shown  in  Figure 
1. 

Samples  w ere  delivered  to  the  Ph>1oto.\icoIog\-  processing  laborator>-  where  the>'  were 
air  dried,  sieved  through  a  2  mm  soil  sieve  to  remove  stones,  roots  etc..  and  then  ground  in  an 
agate  mortar  until  the  soil  material  passed  through  a  355  jim  soil  sie\e.  Samples  were  then 
forwarded  to  the  MOE  Laboratory'  Services  Branch  for  analysis  of  major  and  minor  soil 
elements,  including  arsenic. 


Results  -  Residential  Property 

All  data  produced  by  the  analysis  of  soil  samples  collected  at  residential  properties  are 
reported  in  Tables  I.  2  and  3.  The  data  were  organized  into  these  three  tables  based  on  the 
locations  w ithin  the  Wawa  townsite  that  samples  were  collected.  Table  1  reports  data  from 
properties  located  along  Government  Road,  near  the  .A.OD  sinter  plant.  Table  2  contains  data  for 
properties  east  of  Third  Avenue  and  Mission  Road.  The  housing  in  this  area  is  older  and  hence  it 
can  be  assumed  that  the  soil  on  the  propertx  has  been  less  disturbed  and  exposed  to  deposition  of 
material  from  .A.OD  for  a  longer  period  of  time.  Housing  west  of  these  streets  is  newer  and 
hence  soil  on  these  properties  w  ould  have  been  disturbed  by  construction  and  exposed  to  AOD 
emissions  and  arsenic  deposition  for  less  time.  Data  for  these  properties  is  reported  in  Table  3. 
The  soil  data  in  these  tables  are  compared  to  the  Ministry  "s  soil  guidelines  as  outlined  in  the 
Guideline  for  Use  at  Contamujated  Sites  in  Ontario  (see  Appendix  1 ).   Ministry  Table  F  \alues 
are  background-based  guidelines  and  Table  B  are  effects-based  guidelines.  The  Ministry  "s 
OTRqj  guidelines  (see  Appendix  2)  are  substituted  where  there  are  no  Table  F  values.  Table  B 
guidelines  are  not  available  for  all  elements,  either  because  there  is  insufficient  toxicological 
information  to  establish  a  guideline,  because  the  element  is  naturally  present  in  \ery  high 
concentrations,  or  because  an  element  is  essential  for  plant  growth.  Consistent  e.xceedences  of 
Table  F  guidelines  (in  bold  font  in  the  tables)  are  an  indication  the  soil  has  been  impacted  by  a 
contaminant  source. 


Discussion  -  Residential  Property 

The  primary  obiecti\e  of  the  2001  and  2002  investigations  was  to  provide  soil  arsenic 
concentration  data  for  use  by  the  consultant  in  the  arsenic  exposure  study.  One  part  of  this  study 
was  to  determine  if  there  was  a  relationship  between  the  concentrations  of  arsenic  found  in  the 
soil  of  a  residential  property,  and  the  urine  arsenic  concentration  of  residents,  particularly  young 
children  residing  at  that  property .  The  soil  data  for  this  objective  were  provided  to  the  consultant 
prior  to  the  preparation  of  this  report. 

The  collection  of  soil  samples  at  various  locations  throughout  the  Wawa  townsite.  as  well 
as  from  locations  close  to  the  \0D  operations,  provided  an  opportunity  for  a  more  in-depth 
analysis  of  how  the  long-term  sinter  plant  emissions  affected  the  soil  chemistry.  The 
comprehensive  analysis  of  the  soil  samples  produced  an  extensive  database  of  element 
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concentrations.  This  made  it  possible  to  lootc  for  spacial  trends  across  Wawa  as  well  as 
relationships  between  elements,  and  specifically  with  arsenic. 

The  residential  sampling  locations  were  separated  into  three  categories  based  on  their 
pro.ximity  to  AOD  and  relative  length  of  time  that  a  property  has  been  used  for  residential 
purposes.  As  show  in  Figure  1,  only  three  properties  occurring  on  Government  Road  near  AOD 
were  identified  for  sampling  as  part  of  the  exposure  study.  Seven  sites  (yards)  were  sampled 
from  those  three  properties.  All  remaining  properties  were  within  the  Wawa  townsite  proper. 
As  a  result  of  the  low  sample  number  in  this  part  of  the  townsite  spacial  concentration  trends 
should  be  interpreted  with  caution. 

During  the  sampling  it  became  apparent  that  the  townsite  appeared  to  have  been 
developed  in  two  stages.  Ho  uses  on  the  properties  east  of  Third  Avenue  and  Mission  Road 
tended  to  be  older  than  those  to  the  west  of  this  line.  In  fact,  some  to  the  west  were  clearly  new 
with  some  lots  still  undeveloped. 

The  rationale  for  the  first  category  was  proximity  to  AOD;  these  properties  were  much 
closer  to  the  sintering  plant  than  those  in  the  townsite.  They  were  also  along  a  inajor  road  that 
would  have  been  used  by  vehicles  from  AOD.  These  vehicles  could  have  tracked  arsenic 
contaminated  material  from  the  plant  site.  The  separation  of  the  second  and  third  category  was 
intuitively  based.  Properties  that  contained  older  housing  were  more  likely  to  have  received  air 
borne  deposition  of  arsenic  dust  for  a  longer  time  period,  particularly  during  the  earlier  \ears  of 
AOD's  operation  s  when  emission  controls  were  less  effective.  Construction  of  recent  housing 
would  have  disturbed  the  indigenous  soil  on  these  properties  and  could  have  involved  import  of 
topsoil  for  landscaping.  It  would,  therefore,  be  reasonable  to  expect  the  highest  soil  arsenic 
concentrations  to  the  northwest  nearest  AOD,  the  ne.xt  highest  in  older  residential  yards  on  the 
east  side  of  the  townsite,  and  lower  soil  arsenic  levels  in  the  newer  homes  west  of  Third  Ave. 
and  Mission  Rd.  and  east  of  Tamarack  Ave. 

To  determine  if  a  distribution  pattern  of  arsenic  was  present,  frequency  distributions  of 
arsenic  concentrations  for  all  samples  (replicates  considered  separately)  were  generated  by 
calculating  the  frequency  of  concentrations  in  the  ranges  0-10  |.ig/g  through  90-100  |.ig/g  and 
>100  ng/g.  The  results  of  this  analysis  are  represented  in  Figure  2.  Each  graph  in  Figure  2  also 
reports  the  nurnber  of  samples  (N)  that  were  present  in  each  category  of  properties. 

The  frequency  distribution  of  arsenic  concentrations  for  the  relatively  few  samples 
collected  from  properties  near  AOD  indicates  two  distinct  groups.  An  examination  of  Table  1 
shows  that  six  samples  from  one  property  account  for  all  data  in  the  0-10  |ag/g  range,  while  the 
remaining  eight  samples  from  two  other  properties  in  the  same  vicinity  account  for  all  data  in  the 
high  concentrations  ranges,  i.e.  greater  than  60  |ig/g. 

A  possible  explanation  is  house  age.  The  two  properties  with  the  high  arsenic 
concentrations  contain  houses  that  appear  to  be  several  decades  in  age.  ConsequentK ,  their 
yards  have,  in  all  probability  not  been  disturbed  since  the  houses  were  constructed.  The  soil  in 
these  yards  would  have  received  and  retained  arsenic  and  other  elements  that  were  emitted  by 
AOD.  They  are  also  situated  next  to  a  road  that  would  have  been  used  by  vehicles  leaving  the 
AOD  site,  possibi)  tracking  arsenic  contamination  from  the  site  itself 
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The  third  property  contained  a  house  of  recent  construction,  surrounded  by  yards  that 
were  meticulously  landscaped  and  maintained.  It  is  highly  probable  that  the  soil  at  the  surface 
(which  was  sampled)  is  not  indigenous  to  this  property,  and  has  not  received  the  deposition  of 
arsenic  that  other  nearby  soil  has.  Also,  the  residential  portion  of  this  property  is  set  in  a  cleared 
part  of  a  wooded  area,  well  back  from  the  public  road.  Evidence  that  the  arsenic  data  reported 
for  this  residential  yard  is  not  indicative  of  the  deposition  that  fell  onto  the  woodlot  around  the 
property  is  provided  in  the  data  for  the  bioassay  soil  collected  from  Site  9.  which  happened  to  be 
just  a  few  metres  from  the  rear  lawn.  The  arsenic  concentration  for  this  soil  was  143  |ag/g  (Table 
5),  whereas  the  soil  from  the  adjacent  residential  lawn  had  less  than  7  |ig/g  arsenic  (Table  I). 

The  frequency  distributions  for  all  remaining  properties,  separated  into  those  on  the  older 
east  part  of  Wawa  and  those  on  the  newer  west  part  of  the  townsite.  distinguish  themselves  from 
the  two  properties  near  AOD  (which  are  probably  more  typical  of  others  near  AOD)  because 
they  had  arsenic  concentrations  that  are  almost  all  below  40  |ag/g.  In  comparison,  all  soil 
samples  from  the  two  properties  near  AOD  were  above  60  \ig/g  arsenic. 

Having  established  that  residential  property  soil  in  the  townsite  proper  has  much  lower 
arsenic  concentrations  on  average  than  at  those  properties  near  AOD,  it  is  worthwhile  to  see  if 
there  are  any  distinctions  between  east  and  west  Wawa.  The  similarities  between  these  two 
groups  lies  in  the  near  identical  frequencies  in  the  10-20  ng/g  and  20-30  ng/g  intervals.  The 
differences  are  in  the  higher  frequency  of  samples  with  more  than  30  |ig/g  arsenic  from  the 
eastern  older  side  of  the  townsite  and  a  concomitant  higher  t"requency  of  samples  with  less  than 
1 0  |ig/g  from  the  western  side. 

If  this  trend  is  in  fact  real,  then  two  explanations  can  be  proposed.  First  of  all.  older 
properties  would  have  been  subjected  to  longer  periods  of  arsenic  deposition.  Secondly.  man>'  of 
the  west  side  properties  are  very  new  housing  sites  and  the  possibility  of  uncontaminated 
landscaping  soil  being  used  to  finish  the  yards  appears  highly  probable.  Never -the-less,  most  of 
the  Wawa  townsite  properties  have  reasonably  low  arsenic  concentrations  compared  to  those 
near  AOD.  These  townsite  properties  were  probably  not  subjected  to  fugitive  or  vehicle-tracked 
dust  from  AOD.  Also,  because  of  the  relatively  low  height  of  the  AOD  stack,  the  ridge  between 
AOD  and  the  townsite,  and  the  predominantly  southwest  winds  during  the  non-snow  season, 
much  of  the  stack  emissions  would  have  bypassed  the  townsite  depositing  instead  in  the  "fume- 
kill  zone"  to  the  northeast.  The  soil  arsenic  levels  are  highest  on  the  residential  properties  along 
Government  Rd.  nearest  AOD  because  these  properties  are  among  the  oldest  in  town  and  are 
very  close  to  AOD  and  so  they  would  have  been  impacted  not  only  by  stack  deposition  but  also 
from  fugitive  emissions  off  the  AOD  plant  site  and  from  vehicle  traffic. 

The  final  point  of  discussion  regarding  the  arsenic  data  has  to  focus  on  what  appears  to 
be  an  anomalous  property  in  the  east  Wawa  group.  One  sample  from  the  back  yard  was 
determined  to  contain  300  |ig/g  of  arsenic  (see  Table  2).  This  datum  was  substantiated  by  repeat 
laboratory  analysis.  The  duplicate  sample  for  that  yard  contained  37  |ig/g.  It  is  clear  that  a  very 
heterogeneous  distribution  of  arsenic  is  present  in  the  back  yard  soil  at  this  property.  The  source 
of  arsenic  at  this  property  was  not  identified  but  given  that  at  least  one  other  property  had  fill 
material  imported  from  the  AOD  site,  it  is  possible  that  others  may  have  also.  The  most 
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probable  use  of  such  material  would  have  been  for  driveway  surfaces,  construction  aggregate, 
and  fill. 

As  is  evident  in  the  data  tables,  the  soil  samples  were  analysed  for  much  more  than  just 
arsenic.  Given  that  these  data  are  available,  a  brief  look  at  the  other  soil  elements  is  warranted. 
A  statistical  procedure  was  performed  that  provided  correlation  coefficients  between  each 
possible  pair  of  elements.  The  results  of  this  analysis  is  reported  in  Table  4  as  a  correlation 
matrix. 

Due  to  the  high  number  of  samples  available  for  this  analysis,  the  level  at  which  the 
correlation  can  be  considered  statistically  significant  is  very  low.  In  this  analysis  there  were  162 
samples  and  any  correlation  coefficient  (r)  with  an  absolute  value  of  about  0.150  indicates  a 
significant  correlation  at  a  confidence  level  of  99%  (p<0.01).  A  positive  rvalue  means  as  one 
element  increases  the  other  element  also  increases  in  a  consistent  proportion.  A  negative  r  value 
indicates  one  element  goes  down  in  concentration  as  the  other  increases,  or  visa  versa.  The 
higher  the  r  value  the  more  consistent  the  relationship  between  the  two  and  the  greater  the 
likelihood  of  a  common  origin.  Clearly,  there  are  many  significant  correlations  between  the 
concentrations  of  various  pairs  of  elements  in  the  soil  samples  collected. 

It  would  be  more  useful,  however,  to  focus  only  on  those  correlations  that  have  the 
highest  r  values,  and  more  specifically,  those  that  are  co-related  to  arsenic.  To  that  end,  the 
elements  that  are  most  highly  correlated  with  arsenic  are  iron  (r=0.6355)  and  manganese 
(r=0.6577).  The  correlation  between  iron  and  manganese  is  even  greater  (r=0.9270).  This 
implies  that  iron  and  manganese  concentrations  are  likely  to  be  elevated  on  properties  that  have 
high  arsenic  levels.  Since  iron  is  naturally  high  in  soil  and  both  iron  and  manganese  are  essential 
plant  nutrients,  slightly  elevated  concentrations  of  these  two  elements  should  not  adversely  atTect 
plant  growth.  Given  that  the  purpose  of  the  AOD  operation  was  to  process  iron  ore.  and  the  ore 
was  an  arseno-pyrite,  the  arsenic-iron  correlation  could  be  expected.  The  tact  that  manganese 
emissions  also  occurred  can  be  readily  reconciled  since  the  ore  processed  at  AOD  contained 
significant  quantities  of  manganese. 


Investigation  Methodology  -  Bioassay 

Arsenic  can  be  phytotoxic,  and  concentrations  above  the  MOE  generic  effects-based 
Table  A  guideline  of  20  ng/g  may  cause  injury  to  sensitive  plant  species.  As  this  and  previous 
Phytotoxicology  investigations  around  Wawa  have  documented,  soil  arsenic  concentrations  in 
this  community  can  substantially  exceed  the  MOE  generic  Table  A  soil  guideline.  However, 
with  the  exception  of  the  fume-kill  zone,  vegetation  impacts  have  not  been  observed  in  the 
Wawa  area.  Although  soil  arsenic  levels  can  be  quite  elevated  in  the  fume-kill  zone  it  is  not 
likely  that  arsenic  is  a  significant  contributor  to  the  vegetation  damage  in  that  area.  The  main 
reason  the  vegetation  has  been  so  dramatically  impacted  in  the  fume-kill  zone  is  because  of  years 
of  intense  fumigation  b\  sulphur  dioxide,  which  killed  the  plants  outright.  W  ith  the  plants 
destroyed  and  the  organic  matter  in  the  soil  eroded  the  site  is  very  harsh  and  exposed  and  subject 
to  extremes  of  heat,  cold,  and  moisture  stress,  making  it  very  difficult  for  forest-type  plants  to  re- 
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colonize  the  fume-kill  zone.  With  the  complete  cessation  of  emissions  from  AOD  large  areas  of 
the  fume-kill  zone  have  re-vegetated  with  grasses  and  shrubs,  particularly  blueberry. 

During  the  residential  property  sampling,  bulk  soil  was  collected  at  ten  locations  which 
were  likely  to  provide  a  wide  range  of  soil  arsenic  concentrations.  This  soil  was  collected  for  a 
bioassay  to  be  conducted  at  the  Phytotoxicology  controlled  environment  laboratory  to  determine 
whether  the  concentrations  of  arsenic  in  the  soil  in  Wawa  are  capable  of  causing  an  adverse 
effect  on  vegetation. 

Once  a  candidate  location  was  identified,  a  portable  X-ray  fluorescence 
spectrophotometer  was  used  as  a  field  screening  measurement  to  determine  the  approximate  soil 
arsenic  concentration  at  that  location  to  ensure  that  soil  with  a  wide  arsenic  concentration  range 
was  being  obtained.  A  garden  spade  was  used  to  collect  approximately  ten  litres  of  soil  from  the 
uppermost  five  centimetres  at  each  site.  Most  of  the  locations  could  be  described  as  parks, 
undeveloped  green  spaces,  or  vacant  land  near  the  sinter  plant  property.  One  location  was  a  pile 
of  soil  and  rock  mixture  that  was  to  be  used  as  fill  on  a  residential  property  and  was  reported  to 
have  originated  from  the  sinter  plant  property.  The  locations  from  which  the  bioassay  soil  was 
obtained  are  shown  in  Figure  1.  The  soil  arsenic  concentrations  in  the  10  bioassay  samples 
ranged  from  14  |ug/g  to  533  |ig/g  (see  Table  5). 

After  air  drying,  the  soil  was  screened  through  a  two  millimetre  sieve  and  the  sieved 
fraction  was  set  aside  for  the  bioassay.  Samples  for  chemical  analysis  where  taken  from  the  now 
thoroughly  homogenized  bulk  soil  for  laboratory  quality  assurance  purposes,  to  confirm  the 
field-screened  arsenic  levels,  and  insure  there  were  no  potentially  phytotoxic  levels  of  other 
chemical  elements.  Four  replicate  samples  were  taken  from  the  three  bulk  samples  collected  in 
2001  and  three  from  the  seven  bulk  samples  collected  in  2002.  Processing  of  these  samples 
destined  for  chemical  analysis  followed  the  same  procedures  as  for  the  residential  samples.  In 
addition  to  soil  with  low  arsenic  concentrations  (two  sites  with  14  |ig/g  and  one  site  with  15 
|ig/g)  collected  from  the  Wawa  area,  a  greenhouse  potting  soil  was  also  used  as  a  control.  The 
control  potting  soil  contained  less  than  17  |ig/g  arsenic. 


Bioassay  Methodology 

Each  of  the  10  bioassay  soils,  now  thoroughly  homogenized  and  screened  to  less  than  2 
mm,  where  transferred  into  three  plastic  pots.  On  August  14,  2002,  each  pot  was  seeded  with 
five  bush  bean  seeds  (a  standard  bioassay  plant  known  to  be  very  sensitive  to  arsenic),  watered, 
and  placed  into  a  temperature,  lighting,  and  humidity  controlled  growth  chamber.  The  seeds 
were  allowed  to  germinate  and  the  plants  to  develop.  The  young  plants  were  watered  as 
required.  No  fertilizer  was  added.  The  bioassay  ended  on  September  19,  2004,  after  35  days. 
The  pots  were  removed  from  the  chamber  and  the  plants  were  photographed.  Measurements  of 
above  ground  plant  biomass  fresh  weight,  shoot  length,  and  root  elongation  were  recorded. 
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Bioassay  Results 

The  chemistry  of  the  bioassay  soil  samples  is  reported  in  Table  5.  Values  are  reported  as 
means  of  the  four  replicate  samples.  Arsenic  was  the  only  element  that  exceeded  MOE  Table  A 
generic  effects-based  soil  guidelines.  Some  bioassas  treatment  soils  had  levels  of  iron, 
magnesium,  manganese,  and/or  zinc  that  were  marginally  higher  than  normal  background 
concentrations,  but  all  were  well  below  the  Ministry  "s  Table  A  generic  effects-based  soil 
guidelines.  These  marginally  elevated  concentrations  of  iron,  manganese,  magnesium,  and  zinc 
would  not  ha\ e  adverseK  affected  plant  growth,  in  fact  they  may  have  been  benificial  as  they  are 
all  nutrient  elements  that  are  essential  for  plant  growth. 

Photographs  were  taken  at  the  end  of  the  bioassay  and  are  represented  in  Figure  3.  These 
images  have  been  cropped  and  scaled  so  that  each  image  is  at  the  same  scale  and  a  visual 
comparison  of  the  response  of  the  bean  grown  in  the  ten  different  soils  can  be  readily  made. 

Table  6  summarizes  the  bean  growth  measurements  for  each  soil  arsenic  treatment.  The 
mean  above  ground  plant  biomass  fresh  weight  was  greatest  for  bean  plants  grown  in  1 10  ng/g 
arsenic,  whereas  the  mean  shoot  length  was  longest  at  14  |.ig/g  soil  arsenic,  and  on  average  the 
plants  with  the  longest  roots  grew  in  350  |ig/g  soil  arsenic.  On  average,  plant  above  ground 
biomass,  shoot  length,  and  root  length  were  all  marginally  greater  at  the  highest  soil  arsenic 
concentration  of  533  |ig/g  than  the  greenhouse  control  soil  which  contained  less  than  17  |ig/g. 


Discussion  -  Bioassay 

The  images  in  Figure  3  clearly  illustrate  the  relatively  uniform  growth  obtained  in  all 
bioassay  soil  treatments.  The  similar  between-treatment  growth  illustrated  in  Figure  3  is 
supported  b\  the  plant  measurements  summarized  in  Table  6.  which  indicated  that  there  was  no 
consistent  relationship  between  plant  growth  and  soil  arsenic  concentration,  and  that  plant 
growth  was  similar  across  the  range  of  soil  arsenic  treatments. 

Most  seeds  germinated  and  bean  plants  developed  with  no  signs  of  toxicity.  Arsenic 
toxicity  typically  induces  black,  necrotic  leaf  tissue  and  blackened,  knotted,  and  shortened  roots. 
There  was  no  difference  in  bean  germination  or  apparent  difference  in  plant  growth  between  soil 
arsenic  levels.  In  some  pots  a  fungal  infection  slightl}  inhibited  growth  on  a  few  plants.  Slight 
differences  in  total  plant  height  were  not  related  to  soil  arsenic  concentration  and  were  likel\  the 
result  of  varying  fertility  levels  in  the  test  soil  (no  fertilizer  was  added). 

No  injury  s>mptoms  characteristic  of  arsenic  toxicity  were  observed  on  any  of  the 
bioassa\  plants  at  an\  soil  arsenic  concentration.  The  highest  soil  arsenic  concentration  tested 
was  533  |ig/g.  or  about  26  times  the  MOE  Table  A  generic  effects-based  arsenic  soil  guideline. 
The  absence  of  arsenic  toxicity  symptoms  in  the  soil  bioassay  is  consistent  with  the  complete 
lack  of  arsenic  symptomatology  on  vegetation  in  Wawa  -  no  injur>  symptoms  characteristic  of 
arsenic  toxicity  on  vegetation  have  been  observed  b\  Phytotoxicologx  investigators  since 
intensive  Ministrv  studies  were  initiated  in  1998. 
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In  order  for  injury  to  occur  the  arsenic  must  be  biologically  available  to  the  plant,  which 
means  it  must  be  soluble  in  water  and  taken  up  through  the  roots.  The  arsenic  in  soil  in  Wawa 
must  be  very  insoluble  in  water  because  no  injury  was  observed  in  the  bioassay  plants,  or  plants 
an\  where  in  the  Wawa  townsite.  and  no  adverse  impacts  were  measured  in  bioassay  plants  at  the 
maximum  soil  arsenic  concentration  tested  (533  |ig/g).  Therefore,  the  risk  to  the  terrestrial 
ecosystem  in  Wawa  from  elevated  soil  arsenic  concentrations  is  concluded  to  be  very  low.  The 
bioassay  results  are  completely  consistent  with  observations  of  vegetation  health  in  the  general 
Wawa  area  and  support  the  conclusions  that  elevated  soil  arsenic  concentrations,  up  to  the 
maximum  tested  concentration  of  533  |ig/g.  will  not  adversely  affect  plant  growth  and  therefore 
there  are  no  restrictions  to  the  normal  use  of  residential  properties  in  Wawa. 


Conclusions 

The  primary  objective  of  this  investigation  was  to  provide  data  on  arsenic  concentrations 
in  soil  of  specific  residential  properties  to  support  health  studies.  This  objective  was  met  by 
providing  these  data  to  the  appropriate  parties  before  this  summary  report  was  prepared. 

The  sampling  of  numerous  properties  at  the  Wawa  townsite  as  well  as  in  the  vicinity  of 
AOD  provided  a  sizeable  database  of  soil  element  concentrations  that  permitted  a  general 
evaluation  of  soil  contamination.  This  evaluation  demonstrated  that  arsenic  concentrations  in 
residential  property  soil  for  the  Wawa  townsite  were  generally  less  than  50  ng/g,  with  a  few 
exceptions  on  properties  closest  to  AOD  or  where  contaminated  soil  or  aggregate  material  was 
brought  to  the  property. 

Properties  near  the  AOD  site  consistently  had  higher  arsenic  levels.  These  properties 
would  have  been  subject  to  more  intense  deposition  of  AOD  atmospheric  and  fugitive  emissions, 
as  well  as  tracking  of  the  contaminant  by  vehicles  from  AOD. 

The  bioassay  revealed  that  symptoms  of  arsenic  toxicity  could  not  be  induced  in  a 
sensitive  plant  species  at  soil  arsenic  concentrations  up  to  533  |ig/g.  which  is  considerably  higher 
than  all  but  a  few  of  the  most  contaminated  residential  Wawa  residential  properties  nearest  AOD. 
In  conclusion,  the  form  of  arsenic  in  the  soil  in  Wawa  must  be  very  insoluble  and  therefore 
biologically  unavailable,  and  so  the  risk  to  the  terrestrial  ecosystem  in  the  Wawa  area  from 
elevated  soil  arsenic  concentrations  is  concluded  to  be  very  low.  The  bioassay  results  are 
completely  consistent  with  observations  of  vegetation  health  in  the  general  Wawa  area  and 
support  the  conclusions  that  elevated  soil  arsenic  concentrations,  up  to  the  maximum  tested 
concentration  of  533  |.ig/g,  will  not  adversely  affect  plant  growth  and  therefore  there  are  no 
restrictions  to  the  normal  use  of  residential  properties  in  Wawa. 
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Phytotoxicology  2001  and  2002  Investigations:  Algoma  Ore  Division,  Twp.  of  Michipicoten  (Wawa) 


Table  6:  Summary  of  Arsenic  Bean  Growth  Bioassay  Results 


Sample 
Site 

Soil 
Arsenic  in  pg/g 

Mean  Shoot 

Fresh  Weight  in 

g  (STD) 

Mean  Shoot 

Length  in  cm 

(STD) 

Mean  Root 

Length  in  cm 

(STD) 

Control 

<17 

1.71  (2.63) 

11.54(3.56) 

17.08(2.09) 

1 

14 

2.25  (3.48) 

14  27(1.44) 

16.60(4.24) 

7 

14 

2.67  (4.38) 

13.03(1.99) 

19.52(3.97) 

5 

15 

2.48(3.82) 

12.60(2.25) 

17.82(3.06) 

10 

60 

1.99(2.88) 

12.09(2.41) 

18.76(3.20) 

3 

108 

2.95(4.61) 
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Figure  1:  Location  of  Residential  Properties  Sampled  and  Bioassay  Soil 

Collected 
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Figure  2: 


Arsenic  Concentrations  -  Frequency  of  Occurrence 
Residential  Sites  near  Algoma  Ore  Division 


Twp.  of  Michipicoten  (Wawa) 
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Figure  3:  Bush  Bean  Plants  Grown  for  35  Days  in  10  Soils  from  the  Wawa  Area 
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Appendix  I 

Derivation/Significance  of  the  Ontario  Ministry  of  the  Environment  (MOE) 
Soil  Guidelines  in  '■'Guideline  for  Use  at  Contaminated  Sites  in  Ontario" 

The  MOE  soil  clean-up  Guidelines  have  been  developed  to  provide  guidance  for  cleaning  up 
contaminated  soil.  The  Guidelines  are  not  legislated  Regulations.  Also,  the  Guidelines  are  not  action 
levels,  in  that  an  exceedence  does  not  automatically  mean  that  a  clean-up  must  be  conducted.  The 
Guidelines  were  prepared  to  help  industrial  property  owners  decide  how  to  clean-up  contaminated  soil 
when  property  is  sold  and/or  the  land-use  changes.  Most  municipalities  insist  thai  contaminated  soil  is 
cleaned  up  according  to  the  MOE  Guidelines  before  they  will  approve  a  zoning  change  for 
redevelopment,  therefore,  even  though  the  Guideline  is  voluntary  most  industrial  property  owners  and 
developers  are  obliged  to  use  it.  For  example,  the  owner  of  an  industrial  property  who  plans  to  sell  the 
land  to  a  developer  who  intends  to  build  residential  housing  can  use  the  Guideline  to  clean  up  the  soil  to 
meet  the  residential  land-use  criteria.  In  this  way  previously-contaminated  industrial  land  can  be  re-used 
for  residential  housing  without  concern  for  adverse  environmental  effects. 

The  Guideline  contains  a  series  of  Tables  (A  through  F),  each  having  criteria  for  soil  texture,  soil  depth, 
and  ground  water  use  for  various  land-use  categories  (eg,  agricultural,  residential,  industrial).  Table  F 
criteria  reflect  the  upper  range  of  background  concentrations  for  soil  in  Ontario.  An  exceedence  of  Table 
F  indicates  the  likely  presence  of  a  contaminant  source.  Tables  A  through  E  criteria  are  effects-based  and 
are  set  to  protect  against  the  potential  for  adverse  efTects  to  human  health,  ecological  health,  and  the 
natural  environment,  whichever  is  the  most  sensitive.  By  protecting  the  most  sensitive  parameter  the  rest 
of  the  environment  is  protected  by  default.  The  Guideline  criteria  take  into  consideration  the  potential  for 
adverse  effects  through  direct  contact,  and  through  contaminant  transfer  from  soil  to  indoor  air.  from 
ground  water  or  surface  water  through  release  of  volatile  gases,  from  leaching  of  contaminants  in  soil  to 
ground  water,  or  from  ground  water  discharge  to  surface  water.  However,  the  Guideline  criteria  may  not 
ensure  that  corrosive,  explosive,  or  unstable  soil  conditions  will  be  eliminated. 

If  the  decision  is  made  that  remedial  action  is  needed,  the  criteria  in  Tables  A  to  F  of  the  Guideline  can  be 
used  as  clean-up  targets.  In  some  cases,  because  of  economic  or  practical  reasons,  it  may  not  be  possible 
to  clean  up  a  site  using  the  generic  criteria  in  Tables  A  to  F.  The  Guideline  provides  a  process,  called  a 
site  specific  risk  assessment,  which  is  used  to  evaluate  the  soil  contamination  w  ith  respect  to  conditions 
that  are  unique  to  the  contaminated  site.  In  a  site  specific  risk  assessment  the  proponent  examines  all  the 
potential  pathways  through  which  the  contamination  may  impact  the  environment  and  must  demonstrate 
that  because  of  conditions  unique  to  that  site  the  environment  and  human  health  w  ill  not  be  adversely 
effected  if  contamination  above  the  generic  criteria  in  Table  A  to  E  is  left  in  place. 

When  contamination  is  present  and  a  change  in  land-use  is  not  planned,  for  example  residential  properties 
and  public  green  spaces  near  a  pollution  source,  the  Guideline  may  be  used  in  making  decisions  about  the 
need  for  remediation.  This  is  different  from  the  previously  described  situation  where  a  compan>  that 
caused  contamination  on  their  own  property  decides  to  clean  up  the  soil,  usualK  at  the  insistence  of  the 
municipalit>  who  will  not  approve  a  zoning  change  unless  remediation  is  conducted.  Decisions  on  the 
need  to  undertake  remedial  action  when  the  Guideline  criteria  are  exceeded  and  where  the  land-use  is  not 
changing  are  made  on  a  site  by  site  basis  using  site  specific  risk  assessment  principals  and  are  usually 
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contingent  on  the  contaminants  having  caused  an  adverse  environmental  effect  or  there  is  a  demonstrated 
likelihood  that  the  contamination  may  cause  an  adverse  effect.  Because  of  the  long  history  of  industrial 
operation  and  our  practice  of  living  close  to  our  work  place  the  soil  in  many  communities  in  Ontario  is 
contaminated  above  the  effects-based  criteria  in  the  MOE  Giiiclclines.  In  practice,  remediation  of 
contaminated  soil  on  privately-owned  residential  property  and  public  green  spaces  has  only  been 
conducted  in  communities  when  the  potential  for  adverse  health  effects  has  been  demonstrated. 

The  soil  clean-up  Guidelines  were  developed  from  published  U.S.  EPA  and  Ontario  environmental  data 
bases.  Currently  there  are  criteria  for  about  25  inorganic  elements  and  about  90  organic  compounds. 
Criteria  were  developed  only  if  there  were  sufficient,  defendable.  effects-based  data  on  the  potential  to 
cause  an  adverse  effect.  All  of  the  criteria  address  human  health  and  aquatic  toxicity,  but  terrestrial 
ecological  toxicity  information  was  not  available  for  all  elements  or  compounds.  The  development  of 
these  clean-up  Guidelines  is  a  continuous  program,  and  criteria  for  more  elements  and  coinpounds  will  be 
developed  as  additional  environmental  data  become  available.  Similarly,  new  information  could  result  in 
future  modifications  to  the  existing  Guidelines. 

For  more  information  on  the  MOE's  soil  clean-up  Guidelines  please  refer  to  the  Guideline  for  Use  at 
Contaminated  Sites  in  Ontario.  Revised  February  1997,  Ontario  Ministry  of  Environment  and  Energy, 
PIBs  3161E01.  ISBN  0-7778-6114-3. 
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Appendix  2 
Derivation  and  Significance  of  the  MOE  "Ontario  Typical  Range"  Soil  Guidelines 

The  MOE  "Ontario  Typical  Range"  (OTR)  guidelines  are  being  developed  to  assist  in  interpreting 
analytical  data  and  evaluating  source-related  impacts  on  the  terrestrial  environment.  The  OTRs  are  used  to 
determine  if  the  level  of  a  chemical  parameter  in  soil,  plants,  moss  bags,  or  snow  is  significantly  greater  than 
the  normal  background  range.  An  exceedence  of  the  OTR^^  (the  OTR,^  is  the  actual  guideline  number)  may 
indicate  the  presence  of  a  potential  point  source  of  contamination. 

The  OTR98  represents  the  expected  range  of  concentrations  of  chemical  parameters  in  surface  soil, 
plants,  moss  bags,  and  snow  from  areas  in  Ontario  not  subjected  to  the  influence  of  known  point  sources  of 
pollution.  The  OTR,g  represents  97.5  percent  of  the  data  in  the  OTR  distribution.  This  is  equivalent  to  the 
mean  plus  two  standard  de\  iations.  which  is  similar  to  the  previous  MOE  "Upper  Limit  of  Normal"  (ULN) 
guidelines.  In  other  words,  98  out  of  ever)  100  background  samples  should  be  lower  than  the  OTR^g. 

The  OTR^g  may  var>'  between  land  use  categories  even  in  the  absence  of  a  point  source  of  pollution 
because  of  natural  variation  and  the  amount  and  type  of  human  activit>.  both  past  and  present.  Therefore, 
OTRs  are  being  developed  for  several  land  use  categories.  The  three  main  land  use  categories  are  Rural,  New 
Urban,  and  Old  Urban.  Urban  is  defined  as  an  area  that  has  municipal  water  and  sewage  services.  Old  Urban 
is  an>  area  that  has  been  developed  as  an  urban  area  for  more  than  40  \  ears.  Rural  is  all  other  areas.  These 
major  land  use  categories  are  further  broken  into  three  subcategories:  Parkland  (which  includes  greenbelts 
and  woodlands).  Residential,  and  Industrial  (which  includes  heavy  industry,  commercial  properties  such  as 
malls,  and  transportation  rights-of-way).  Rural  also  includes  an  Agricultural  category. 

The  OTR  guidelines  appl)  onl)  to  samples  collected  using  standard  MOE  sampling,  sample 
preparation,  and  analytical  protocols.  Because  the  background  data  were  collected  in  Ontario,  the  OTRs 
represent  Ontario  environmental  conditions. 

The  OTRs  are  not  the  only  means  by  which  results  are  interpreted.  Data  interpretation  should  involve 
reviewing  results  from  control  samples,  examining  all  the  survey  data  for  evidence  of  a  panern  of 
contamination  relative  to  the  suspected  source,  and  where  available,  comparison  with  effects-based 
guidelines.  The  OTRs  are  particularl\  useful  where  there  is  uncertaint>  regarding  local  background 
concentrations  and/or  insufficient  samples  were  collected  to  determine  a  contamination  gradient.  OTRs  are 
also  used  to  determine  w  here  in  the  anticipated  range  a  result  falls.  This  can  identify  a  potential  concern  even 
when  a  result  falls  w  ithin  the  guideline.  For  example,  if  all  of  the  results  from  a  survey  are  close  to  the  OTR,,g 
this  could  indicate  that  the  local  environment  has  been  contaminated  above  the  anticipated  average,  and 
therefore  the  pollution  source  should  be  more  closel\  monitored. 

The  OTRs  identif>  a  range  of  chemical  parameters  resulting  from  natural  variation  and  normal  human 
activity.  As  a  result,  it  must  be  stressed  that  values  falling  w  ithin  a  specific  OTR98  should  not  be  considered 
as  acceptable  or  desirable  levels;  nor  does  the  OTR^g  imply  toxicity  to  plants,  animals  or  humans.  Rather, 
the  OTR98  is  a  level  which,  if  exceeded,  prompts  further  investigation  on  a  case  by  case  basis  to  determine 
the  significance,  if  an> .  of  the  above  normal  concentration.  Incidental,  isolated  or  spurious  exceedences  of 
an  OTRyg  do  not  necessariK  indicate  a  need  for  regulator)  or  abatement  activity.  However,  repeated  and.  or 
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extensive  exceedences  of  an  OTR^g  that  appears  to  be  related  to  a  potential  pollution  source  does  indicate  the 
need  for  a  thorough  evaluation  of  the  regulatory  or  abatement  program. 

The  OTRgs  supersedes  the  Phytotoxicology  ULN  guideline.  The  OTR  program  is  on-going.  The 
number  of  OTRs  will  be  continuously  updated  as  sampling  is  completed  for  the  various  land  use  categories 
and  sample  t>pes.  For  more  information  on  these  guidelines  please  refer  to  Ontario  Typical  Range  of 
Chemical  Parameters  in  Soil.  Vegetation.  Moss  Bags,  and  Snow.  MOEE  Report  Number  HCB- 151-351 2-93. 
PlBs  Number  2792.  ISBN  0-778- 1 979- 1 . 
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